Introduction {#Sec1}
============

One of the longstanding problems in particle physics is the origin of flavor hierarchies in the standard model (SM). The most popular attempt to address this problem is in terms of flavor symmetries in which the flavor hierarchies arise from a suitable symmetry breaking pattern. Among the numerous possibilities, the simplest models are based on a single $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor symmetry \[[@CR1]--[@CR4]\]. In the quark sector this ansatz works pretty well and can account for all hierarchies in quark masses and mixing, with an order-of-magnitude prediction $\documentclass[12pt]{minimal}
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                \begin{document}$$V_{ub} \sim V_{us} V_{cb}$$\end{document}$ that is in good agreement with data. Also in the lepton sector a single $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ works very well, since charged-lepton mass hierarchies can arise from large charge differences of right-handed leptons, while large mixing angles are due to small charge differences of left-handed leptons. In this way $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ models can naturally realize the paradigm of an "anarchical" structure \[[@CR5]--[@CR8]\] in lepton mixing, which has recently received renewed attention \[[@CR9]--[@CR11]\] after the reactor neutrino angle $\documentclass[12pt]{minimal}
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                \begin{document}$$\theta _{13}$$\end{document}$ turned out to be sizable.

Independently of the nature of the underlying flavor symmetry, the crucial question about these kind of models regards their predictivity. Since flavor models aim at explaining the origin of dimensionless Yukawa couplings, there is no preferred mass scale of the new degrees of freedom. As new effects in the SM flavor sector are suppressed by this mass scale, there are no observable deviations from the SM flavor predictions, unless this scale is unexpectedly light \[[@CR12]\]. Therefore the only way to test these models in laboratory experiments for a high-scale flavor sector is the presence of new physics around the TeV scale, as suggested by the hierarchy problem. If such physics comes with a flavor structure, it can possibly carry down the information of the high-scale flavor sector to the TeV scale and lead to testable predictions for precision flavor observables. The prime example is supersymmetry (SUSY), which in the case of high-scale mediation of SUSY breaking around or above the flavor sector scale directly contains the imprint of the flavor symmetry in the soft-breaking sfermion masses.

However, within the context of gravity mediation simple $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ models are in big trouble as the suppression of flavor violation is too weak. The reason is that off-diagonal entries in the left-handed and right-handed sfermion mass matrices are suppressed by the differences of the corresponding charges due to their non-holomorphic nature. In the left-handed sector these charge differences are directly related to mixing angles, which for the first two generations are sizable both in the lepton and quark sector. Since the strongest constraints precisely arise from observables involving light families, like $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu \rightarrow e \gamma $$\end{document}$, such $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$U(1)$$\end{document}$ flavor models in the context of Gravity Mediation are essentially incompatible with SUSY around the TeV scale.[1](#Fn1){ref-type="fn"}

The situation is completely different in gauge mediation (see Ref. \[[@CR14]\]), where the SUSY breaking and the flavor sector can be decoupled. Indeed, if the flavor scale is much higher than the SUSY messenger scale then soft masses are screened from the high-energy flavor sector and have a flavor structure determined only by SM Yukawas, thus realizing the paradigm of minimal flavor violation (MFV) \[[@CR15]\]. While this scenario provides a very appealing mechanism to solve the SUSY flavor problem, the imprint of the flavor sector in low-energy physics and thus the possibility to test flavor symmetry models is completely lost.

It is therefore interesting to construct extensions of minimal gauge mediation (MGM) that re-introduce the dependence on the underlying flavor sector, and thus lead to a broad variety of sfermion flavor structures beyond MFV. An example for such extensions is provided by a class of models that has been dubbed "flavored gauge mediation" (FGM) \[[@CR16]\]. In these scenarios, new direct couplings between the messengers and the MSSM matter fields are introduced with a flavor structure that is assumed to be controlled by the same underlying flavor symmetry that explains the smallness of the Yukawas.[2](#Fn2){ref-type="fn"} These couplings generate new contributions to sfermion masses (on top of the flavor-universal MGM ones) that are controlled by the underlying flavor symmetry. Interestingly, due to the loop origin of the soft terms, there is a built-in suppression of flavor violation that is independent of the underlying flavor model \[[@CR28]\]. This implies that even single $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor models are perfectly viable (in contrast to gravity mediation), as the flavor pattern of the resulting sfermion masses resembles the suppression in wave function renormalization \[[@CR29], [@CR30]\] or SUSY partial compositeness \[[@CR31]--[@CR34]\]. Moreover, in contrast to those scenarios, there is also a built-in suppression of LR flavor transitions and in particular flavor-blind phases by third-generation Yukawas, which becomes very efficient in the down and charged-lepton sector provided $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$ is not very large.

While in Ref. \[[@CR28]\] we have focused on the quark sector, in this paper we analyze the impact of FGM models with underlying $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor models on the lepton sector. There are good arguments that motivate this study: (i) in contrast to the quark sector the large neutrino mixing angles require milder hierarchies in left-handed charges, leading in turn to weaker suppression in the left-handed slepton sector and therefore potentially large effects in LFV processes, (ii) the experimental bounds on LFV channels with an underlying $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu \rightarrow e$$\end{document}$ transition as well as the electron EDM underwent recently a very significant improvement challenging many models with new physics (NP) at the TeV scale, even with modest sources of flavor violation. Therefore the major aim of this work is to analyze whether and to which extent single $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor models for the lepton sector are viable in the context of FGM. A related question is whether we can account for the current muon $\documentclass[12pt]{minimal}
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                \begin{document}$$g-2$$\end{document}$ anomaly, that is, if light sleptons are still allowed by the LFV and EDM bounds (for a general discussion on the interrelationship of leptonic dipoles see Ref. \[[@CR35]\]).

The rest of the paper is organized as follows: in Sect. [2](#Sec2){ref-type="sec"} we recall the main ingredients of FGM models providing explicit expressions for the soft masses in the slepton sector. Concrete examples of $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ leptonic flavor models and their imprint in the soft sector are presented in Sect. [3](#Sec3){ref-type="sec"}. The low-energy phenomenology of FGM models supplemented by the above $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor models is studied in Sect. [4](#Sec6){ref-type="sec"}. In Sect. [5](#Sec7){ref-type="sec"}, we compare the flavor structure of the soft terms and related phenomenological implications of FGM models to $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ models with gravity mediation and models with SUSY partial compositeness. We conclude in Sect. [6](#Sec10){ref-type="sec"}. In an appendix we collect the formulas for LFV branching ratios, lepton anomalous magnetic moments and lepton electric dipole moments using a generalized mass insertion approximation without assuming large $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$, thus improving on existing results that take into account only the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$ enhanced terms.

Flavored gauge mediation {#Sec2}
========================

We begin with a brief review of MGM (see Ref. \[[@CR14]\]). In this scenario $\documentclass[12pt]{minimal}
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                \begin{document}$$N$$\end{document}$ copies of heavy chiral superfields $\documentclass[12pt]{minimal}
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                \begin{document}$$\Phi _i + \overline{\Phi }_i$$\end{document}$ in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbf{5+\overline{5}}$$\end{document}$ of SU(5) are introduced. These messenger fields couple directly to the SUSY breaking sector, which is effectively parameterized by a single spurion field $\documentclass[12pt]{minimal}
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                \begin{document}$$X$$\end{document}$ that gets a vev $\documentclass[12pt]{minimal}
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                \begin{document}$$\langle X \rangle = M + F \theta ^2$$\end{document}$. Through the following superpotential coupling$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} W \supset X \overline{\Phi }_i \Phi _i, \quad i=1 \ldots N, \end{aligned}$$\end{document}$$the messengers acquire large supersymmetric mass terms $\documentclass[12pt]{minimal}
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                \begin{document}$$M$$\end{document}$ and SUSY breaking masses proportional to $\documentclass[12pt]{minimal}
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                \begin{document}$$F$$\end{document}$. By integrating out the messengers at loop level, soft terms are generated. At the messenger scale, A-terms vanish and gaugino masses and sfermion masses are given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} M_i(M)&= N \frac{\alpha _i(M)}{4 \pi } ~\Lambda , \qquad \Lambda = \frac{F}{M}, \end{aligned}$$\end{document}$$$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} m^2_{\tilde{f}}(M)&= 2 N \sum _{i=1}^3 C_i(f)~ \frac{\alpha ^2_i(M)}{(4 \pi )^2} ~\Lambda ^2, \qquad f=q,\,u,\,d, \ldots , \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$i=1,2,3$$\end{document}$ is the quadratic Casimir of the representation of the field $\documentclass[12pt]{minimal}
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                \begin{document}$$f$$\end{document}$ under the gauge group SU(3) $\documentclass[12pt]{minimal}
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                \begin{document}$$\times $$\end{document}$ U(1).

Since the messengers have the same gauge quantum numbers as the MSSM Higgs fields, in addition to the Yukawa couplings$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} W \supset (y_U)_{ij} Q_i U_j H_u + (y_D)_{ij} Q_i D_j H_d + (y_E)_{ij} L_i E_j H_d,\nonumber \\ \end{aligned}$$\end{document}$$also direct couplings of messengers to MSSM fields are allowed by the gauge symmetries. If we restrict to R-parity even messenger fields,[3](#Fn3){ref-type="fn"} the messengers can couple only to the MSSM matter fields. For the messenger doublets these couplings read in general$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \Delta W&= (\lambda _U)_{ij} Q_i U_j \Phi _{H_u} + (\lambda _D)_{ij} Q_i D_j \overline{\Phi }_{H_d}\nonumber \\&\quad + (\lambda _E)_{ij} L_i E_j \overline{\Phi }_{H_d}, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$\Phi _{H_u}, \overline{\Phi }_{H_d}$$\end{document}$ denote the SU(2) doublet components of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbf{5}, {\overline{\mathbf{5}}}$$\end{document}$ messengers, and we restricted to the case of one messenger pair for simplicity.

The presence of direct messenger-matter couplings gives rise to new contributions to sfermion masses and A-terms with a flavor structure that depends on the new parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _{ij}$$\end{document}$. If these couplings were flavor-anarchic $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathcal {O}}\left( 1 \right) $$\end{document}$ numbers, the elegant solution of Gauge Mediation to the SUSY flavor problem would be completely spoiled. Therefore it is usually assumed that all direct couplings of the messengers to matter fields vanish, which can be enforced for example by introducing a new $\documentclass[12pt]{minimal}
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                \begin{document}$$Z_2$$\end{document}$ symmetry under which MSSM fields are even and messengers are odd. Note that this symmetry extends to a full accidental $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ symmetry in the case of one messenger pair$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \Phi \rightarrow e^{i \alpha } \Phi , \quad \overline{\Phi } \rightarrow e^{- i \alpha } \overline{\Phi }. \end{aligned}$$\end{document}$$However, in order to preserve the neat solution of the SUSY flavor problem in MGM, it is enough that the new couplings in Eq. ([5](#Equ5){ref-type=""}) are just sufficiently small. Such small couplings can easily be motivated in the context of flavor models, since they break the global flavor symmetries of MSSM kinetic terms exactly as the Yukawas, and therefore they can naturally have a similar hierarchical structure. This can be realized in explicit flavor models in which the messenger fields transform like the Higgs fields (in particular one can choose that they do not transform at all under the flavor sector), which implies that the new couplings have the same parametric suppression as the Yukawas,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \lambda _U \sim y_U, \quad \lambda _D \sim y_D, \quad \lambda _E \sim y_E. \end{aligned}$$\end{document}$$Following Ref. \[[@CR16]\], we refer to these kind of models as FGM.

The new contributions to soft terms induced by the couplings in Eq. ([5](#Equ5){ref-type=""}) can be calculated using the general expressions in Ref. \[[@CR25]\]. At leading order in SUSY breaking one finds new contributions to sfermion masses at 2-loop and non-vanishing A-terms at 1-loop. While these new effects can have interesting consequences for the low-energy spectrum \[[@CR36], [@CR37]\], here we are mainly interested in the flavor structure of the new contributions to sfermion masses, in particular in the slepton sector. Therefore we will now take a bottom-up point of view and restrict the analysis to the consequences of the presence of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _E$$\end{document}$ coupling for the lepton sector. We will not discuss the impact of other possible messenger-matter couplings on the low-energy spectrum, in particular the mass of the lightest Higgs boson. We just note that the Higgs mass does not represent a serious constraint in these kind of models, and can be due to large A-terms or an implementation in the NMSSM. The latter also represents a natural possibility to generate the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu $$\end{document}$-term and to elegantly solve the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu $$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_\mu $$\end{document}$ problem of Gauge Mediation, since in the NMSSM the general structure of FGM motivates a direct coupling of the NMSSM singlet to the messengers which can easily allow for correct EWSB \[[@CR21], [@CR38]\].

Furthermore, let us notice that the couplings $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _E$$\end{document}$ do not deform the spectrum predicted by the underlying gauge mediation scheme, at least for low to moderate values of $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$, as we are going to consider in the next sections. In particular, if $\documentclass[12pt]{minimal}
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                \begin{document}$$m_h\approx 126$$\end{document}$ GeV is accounted for by a large top A-term, induced by an $\documentclass[12pt]{minimal}
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                \begin{document}$$(\lambda _U)_{33}$$\end{document}$ in Eq. ([5](#Equ5){ref-type=""}), the spectrum would resemble the one discussed e.g. in Ref. \[[@CR28]\]. This would have interesting consequences for the leptonic sector we consider here, since $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\lambda _U)_{33} = \mathcal {O}(1)$$\end{document}$ also suppresses the masses of the left-handed sleptons, through an induced Fayet--Iliopoulos term, thus naturally accomodating the Higgs mass with a light slepton spectrum that can give a sizable contribution to the muon $\documentclass[12pt]{minimal}
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For soft terms in the slepton sector we use the conventions$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal{L}&\supset - \left( (\tilde{m}^2_L)_{ij} L_i L_j^\dagger + (\tilde{m}^2_E)_{ij} E_i^\dagger E_j + (A_e)_{ij} L_i E_j H_d \right) |_{scalar} \nonumber \\&= - \left( \tilde{l}_L^T \tilde{m}^2_L \tilde{l}_L^* + \tilde{e}_R^T (\tilde{m}^2_E)_{ij} \tilde{e}_R^* + \tilde{l}_L^T A_e \tilde{e}_R^* H_d \right) , \end{aligned}$$\end{document}$$where the first line denotes the scalar components of superfields. Using the results of Ref. \[[@CR25]\], the presence of $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _E$$\end{document}$ gives rise to the following expressions for the non-holomorphic masses[4](#Fn4){ref-type="fn"}:$$\documentclass[12pt]{minimal}
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While the results of the last section can be applied to any flavor model that predicts the flavor structure of $\documentclass[12pt]{minimal}
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In the simplest realization of these models the flavor symmetry is spontaneously broken by the vev of a single "flavon" field with negative unit charge. Yukawa couplings then arise from higher-dimensional operators that involve suitable powers of the flavon to make the operator invariant under the $\documentclass[12pt]{minimal}
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Application to FGM {#Sec5}
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As already discussed, since the diagonal A-terms are real, the EDMs can only be generated by means of the combination of MIs $\documentclass[12pt]{minimal}
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We conclude this section with a discussion of the general structure of the flavor suppression in these terms. First of all, note that LL and RR mass insertions are suppressed by powers of the spurion that are the *sum* of U(1) charges, in contrast to the leading-order terms allowed by the symmetry that have powers given by charge differences. The origin of this suppression is due to the fact that the $\documentclass[12pt]{minimal}
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As we will discuss later on, the first suppression is exactly the same as in SUSY partial compositeness, while the second can lead to a further suppression by powers of $\documentclass[12pt]{minimal}
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Turning to LR mass insertions, again the loop origin implies a much stronger suppression than the leading-order term $\documentclass[12pt]{minimal}
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Flavor phenomenology {#Sec6}
====================

We are now ready to discuss the lepton flavor phenomenology of the FGM model, which includes LFV processes with an underlying $\documentclass[12pt]{minimal}
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Besides the LEP constraints (corresponding to $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{m}_E,~\tilde{m}_L, M_2\gtrsim 100~\mathrm{GeV}$$\end{document}$), the mass plane shown in the above plots is now challenged by searches for the electroweak production of SUSY particles performed by the LHC experiments, based on events with two or more leptons plus missing transverse momentum. The exact bounds are model dependent and their precise derivation is beyond the scope of the present study. Nevertheless, we briefly summarize here their possible impact.

Since we are considering scenarios with gauge-mediated SUSY breaking, the LSP is always a practically massless gravitino. The limits set by LHC searches then strongly depend on the nature and the life-time of the next to LSP (NLSP). In case the sleptons are lighter than the Bino, as it can occur even in MGM for large values of $\documentclass[12pt]{minimal}
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The most stringent constraint would occur in the case of the hierarchy $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_1 < \tilde{m}_L < M_2$$\end{document}$ from Wino-like chargino/neutralino production followed by decays into on-shell sleptons/sneutrinos, with bounds up to 700 GeV on the Wino mass from multi-lepton plus missing energy searches \[[@CR62]\]. However, such searches lose sensitivity if the mass splitting of the sleptons with either the Bino or the Wino gets small.

Comparing the limits reported above, with our plots in Fig. [6](#Fig6){ref-type="fig"} and [7](#Fig7){ref-type="fig"}, we see that there is still room for a large SUSY contribution to $\documentclass[12pt]{minimal}
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The LHC collaborations have obtained the limits discussed above from events with leptons and missing energy under the implicit assumption of no flavor mixing among the sleptons. This is the reason why they only employed flavor-conserving categories, e.g. opposite-sign, same-flavor leptons ($\documentclass[12pt]{minimal}
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Comparison with other models {#Sec7}
============================

In this section, we compare the peculiar flavor structure of FGM to other models that predict the parametric flavor suppression of soft terms. In particular, we consider $\documentclass[12pt]{minimal}
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In those models the SUSY mediation scale $\documentclass[12pt]{minimal}
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In gravity mediation the natural expectation for soft terms at the flavor scale is given by the most general terms invariant under the symmetry using the flavon as a spurion. This gives for slepton mass insertions$$\documentclass[12pt]{minimal}
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SUSY partial compositeness {#Sec9}
--------------------------

According to the paradigm of partial compositeness, the lepton Yukawa matrices have the form$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} (y_E)_{ij} \sim g_{\rho } \epsilon ^\ell _i \epsilon ^e_j, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$g_\rho $$\end{document}$ is a strong coupling and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon ^{\ell ,e}_i \lesssim 1$$\end{document}$ measures the amount of compositeness for the leptons. Such a scheme closely resembles the case of a single $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$U(1)$$\end{document}$ flavor model, with the correspondence (in the limit of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$g_\rho = 1$$\end{document}$)$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \epsilon ^{\ell ,e} _i \, \longleftrightarrow \, \epsilon ^{L_i,E_i}. \end{aligned}$$\end{document}$$As a result, the MIs are expected to take the following form \[[@CR34]\]:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} (\delta _{LL}^e)_{ij}&\sim \epsilon ^\ell _i \epsilon ^\ell _j \sim \epsilon ^{L_i + L_j }, \qquad (\delta _{RR}^e)_{ij} \sim \epsilon ^e_i \epsilon ^e_j \sim \epsilon ^{E_i + E_j }. \end{aligned}$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} (\delta _{LR}^e)_{ij}&\sim \frac{v_d A g_\rho }{\tilde{m}_L \tilde{m}_E} \epsilon ^\ell _i \epsilon ^e_j \sim \frac{m^e_i A}{\tilde{m}_L \tilde{m}_E}\epsilon ^{E_j - E_i} \sim \frac{m^e_j A}{\tilde{m}_L \tilde{m}_E}\epsilon ^{L_i - L_j}.\nonumber \\ \end{aligned}$$\end{document}$$In PC, the leading contributions to BR$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\mu \rightarrow e\gamma )$$\end{document}$ typically arise from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\delta _{LR}^e)_{12}$$\end{document}$. In particular, in the anarchical scenario we find$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \mathrm{BR}(\mu \rightarrow e \gamma )&\sim 6 \times 10^{-13}\left( \frac{5~\mathrm{TeV}}{{\tilde{m}}}\right) ^4, \end{aligned}$$\end{document}$$while in the hierarchical case we have a mild additional suppression by a factor of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon ^2_H \approx 0.1$$\end{document}$.
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In Table [2](#Tab2){ref-type="table"}, we summarize the predictions for the MIs most relevant for phenomenology in various models: SUGRA (first column), PC (second column) and FGM (last column). On general ground, comparing the flavor structure of the soft sector of SUGRA and PC/FGM scenarios, the most prominent feature is the higher suppression for off-diagonal sfermion masses in the LL and RR sectors in the PC/FGM case. The LR sector has the same parametric structure in PC and SUGRA, since in both scenarios the A-terms are proportional to the SM Yukawas, while in FGM we have a much stronger suppression arising from a partial alignment among SM Yukawas and A-terms. Finally, PC and SUGRA share also the same SUSY CP problem as they allow complex diagonal elements for the A-terms. In contrast, within FGM, the leading CPV phases arise only at higher order in MI expansions and therefore are very suppressed. Table 2Predictions for the mass insertions in various SUSY models with an underlying $\documentclass[12pt]{minimal}
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Conclusions {#Sec10}
===========

Now that the Higgs boson has been discovered, naturalness becomes a pressing question waiting for the final answer of LHC14. If new dynamics is present around the TeV scale, as needed to explain the smallness of the electroweak scale, one would expect too large contributions to flavor transitions mediated by the new physics states unless some protection mechanism is at work. Therefore, the possibility of finding new physics at the LHC is closely related to the existence of a suppression of flavor violating processes.

In this respect, MGM provides an ideal framework to accomplish this job. Indeed, if the flavor scale is much higher than the SUSY messenger scale then the flavor structure of the soft terms is entirely determined by the SM Yukawas, thus realizing the paradigm of MFV \[[@CR15]\]. The drawback of this scenario is that any imprint of the flavor sector in low-energy physics and thus the possibility to test the flavor dynamics is completely lost.

On the other hand, minimal realizations of GMSB are now seriously challenged by the Higgs boson discovery at the LHC, since they can account for $\documentclass[12pt]{minimal}
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                \begin{document}$$m_h\approx 126$$\end{document}$ GeV only at the price of a SUSY spectrum that is beyond the reach of the LHC. This has motivated extensions of minimal GMSB models by introducing new direct couplings between the messengers and the MSSM matter fields in order to obtain a large Higgs mass for light stops by generating non-vanishing A-terms at the messenger scale \[[@CR17]--[@CR27]\].

Among these scenarios, FGM \[[@CR16]\] assumes that these new couplings have a flavor structure which is controlled by the same underlying flavor symmetry that explains the smallness of Yukawa couplings. As a result, FGM allows one to generate soft masses which still carry information about the high-scale flavor sector. Interestingly, due to the loop origin of soft terms, sfermion masses exhibit a flavor pattern that is much stronger suppressed than in gravity mediation. This strong suppression, arising even in the context of single $\documentclass[12pt]{minimal}
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                \begin{document}$$U(1)$$\end{document}$ flavor models, is reminiscent of what happens in the case of wave function renormalization \[[@CR29], [@CR30]\] or Partial Compositeness \[[@CR31]--[@CR34]\]. In addition there is a strong suppression of LR flavor transitions that is particularly effective for accompanying flavor-blind phases, thus rendering the strong bounds from EDMs under control. Therefore FGM does not only modify the SUSY spectrum of MGM in a way interesting for collider phenomenology, but it also allows one to obtain a rich flavor phenomenology beyond MFV. In particular it offers a viable SUSY implementation of simple U(1) flavor symmetry models that in the context of gravity mediation have huge difficulties in passing the bounds from precision observables, and in the context of MGM are not testable at all.

While in Ref. \[[@CR28]\] we concentrated on the quark sector, in this work we have focused on the lepton sector analyzing the implications of FGM with underlying $\documentclass[12pt]{minimal}
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In the following, we summarize our main findings:The non-holomorphic soft masses (LL and RR mass insertions) are suppressed by powers of the spurion that are the *sum* of U(1) charges, in contrast to the corresponding gravity-mediated case where charge differences enter. The origin of this suppression is due to the fact that the $\documentclass[12pt]{minimal}
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Appendix A: Formulas for the leptonic dipoles {#Sec11}
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This conclusion holds even under the assumption of a mechanism inducing degenerate sfermion masses at the SUSY breaking mediation scale. In fact, the assumed flavor universality is broken by the renormalization group evolution of the soft masses down to the flavor breaking scale, so that large flavor mixing is anyway generated at the level predicted by the $\documentclass[12pt]{minimal}
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Such matter-messenger couplings have recently received new interest, as they allow one to obtain a large Higgs mass with light stops by generating non-vanishing A-terms at the messenger scale \[[@CR17]--[@CR27]\].

For R-parity odd messengers similar couplings to Higgs fields are allowed and have been discussed in the literature, see e.g. \[[@CR25]\]. Note that in this way one preserves the MFV structure of MGM. Here we are instead interested in non-trivial flavor structures.

We only consider terms in leading order in $\documentclass[12pt]{minimal}
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We will eventually prefer low values for $\documentclass[12pt]{minimal}
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                \begin{document}$$\lesssim 5 $$\end{document}$). For the numerical analysis later on one has therefore to take into account all contributions, which are collected in the appendix. At this point we are rather interested in keeping the formulas simple and just give order-of-magnitude estimates.
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